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Confinement of energetic particle is an important 
issue for fusion reactor. The alpha-particle has about 
20% of thermonuclear power and the additional 
heating by NBI and/or ICRF heating generates 
energetic particle. A sufficient confinement of 
energetic particle is required for an efficient fusion 
reactor. 
On the other hand, the LHD can be flexible about 
the configuration and we can move the plasma 
horizontally to shift the magnetic axis position 
inward or outward relative to the center of helical 
coils by controlling the axisymmetric poloidal fields. 
The shift of the magnetic axis position alters 
characteristics of the ripple-induced transport and, 
especially, a strong inward shift reduces the ripple-
induced transport to the comparable level of 
"advanced stellarators ll [1]. 
In this paper we study the energetic ion 
confinements in strongly inward shifted config-
urations of LHD. Collisionless alpha-particle 
(energy: 3.4MeV) con-finements are investigated 
assuming reactor sized devices (plasma 
volume : 1000m3 and magnetic field at plasma 
center: 5T) base on three typical configuration of 
LHD with different magnetic axis position in the 
major radius; Rax=3.75m (standard heliotron 
config-uration: SH), 3.6m (s-optimized 
configuration: SO), 3.53m (neoclassical-tarnsport-
optimized configura-tion: NTO). The optimum axis 
position for the ripple-induced transport is 3.53m 
and a good confinement of energetic particle is 
expected. We follow the orbits of alpha-particles 
starting from the flux surface r/a=0.25. In this study 
we assume a magnetic configuration in a low beta 
limit as a first step to show a flexibility of LHD 
can be seen due to the significant loss of alpha-
particle. The increment is much smaller in the NTO 
case. 
Next we evaluate the collisionless orbit loss of 
alpha-particles as a function of time in Fig. 2. It is 
found that there is no loss before 0.01 s but the loss 
of alpha-particles increases after 0.01 s in the SH case. 
However the loss starts after the energy slowing down 
time (-0.1 s) of a typical reactor plasma in the NTO 
case. Thus a sufficient confinement of alpha-particle 
is obtained in the NTO configuration for a helical 
reactor. 
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Fig. 1 Time development of averaged mean square 
of radial displacement of alpha-particles in the three 
configurations of reactor sized LHD. 
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magnetic configuration. Fig. 2 Time development of alpha-particle loss rates 
Figure 1 shows the time development of averaged in the three configurations of reactor sized LHD. 
mean square of radial displacement of alpha-
particles from initial point. The mean square value 
increases in time and the largest increase can be seen 
in the SH case and the saturation of the increase also 
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